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I The first experimental results for coherent 7r°-eIectroproduction on the deuteron, e+d e+ci+Tr'', 

. at large momentum transfer, are reported. The experiment was performed at Jefferson Laboratory 

at an incident electron energy of 4.05 GeV. A large pion production yield has been observed in a 

O , kinematical region for 1.1< <1.8 GeV^, from threshold to 200 MeV excitation energy in the dTr" 

D ■ system. The Q'^-dependence is compared with theoretical predictions. 

I. INTRODUCTION 



I After elastic scattering, the reaction e + d^e + d + Tr" 
. is the simplest coherent process for ed-collisions, which 
\ contains information on deuteron structure and on the 
fSj • elementary nucleon amplitudes. This reaction has char- 
\ acteristics which make it a very good source of knowl- 
. edge on the deuteron structure, complementary to other 
' probes. The presence of a deuteron with zero isospin 
^ . in the initial and final states leads to a specific isotopic 
^ I structure for the corresponding amplitudes. Elastic ed- 
'"^ i scattering is essentially determined by an isoscalar combi- 
^ ' nation of nucleon electromagnetic form factors, whereas 
^ ■ coherent pion electroproduction on the deuteron allows 
I a scan of the full isospin structure of the nucleon elec- 
. tromagnetic current in the resonance region and a sep- 
/\ ' aration of isoscalar and isovector contributions. This 
^ , increases the degree of complexity, but simultaneously 
■ " " ' opens a unique way to progress in the understanding of 
the deuteron and nucleon structure. 

Besides the calculation of static hadronic properties 
like masses or magnetic moments, the description of elas- 
tic and inelastic form factors (which contain dynamical 
information on hadron structure) represents a powerful 
test for theoretical models. In particular, in the inter- 
mediate energy region, the electromagnetic form factors 
should be a helpful signature of the transition from the 
confinement regime to perturbative QCD [1] . 

The experimental determination of the three form fac- 
tors of the deuteron requires the measurement of polar- 
ization observables. The most recent elastic scattering 
ed data at large values of momentum transfer squared, 
< 6 GeV^ [2], have been successfully compared to 
pQGD predictions, whereas polarization measurements 
[3] lead to the conclusion that, up to ~ 2 GeV^, 
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the dcutcron structure can be described by conventional 
models based on nucleon and meson degrees of free- 
dom. It seems very hard to extend such measurements to 
higher momentum transfer with existing techniques [4]. 
However, inelastic processes, such as e+d e+d+w^ (ac- 
cessible with existing beams and polarimeters) , probe the 
deutcron at smaller distances than in clastic scattering, 
for the same value of Q^. An appropriate choice of kine- 
matics can lead to new and interesting information. Two 
(iTr'^-excitation energy regions seem particularly promis- 
ing: the threshold region and the A-excitation region. 

A considerable experimental activity has been going 
on in the field of near threshold pion production in jp 
collisions [5,6], ep collisions [7], and ^d collisions [8], but 
data on pion production in ed collisions are scarce. The 
experimental study of this reaction is now possible, at 
Mainz and at Jefferson Laboratory (JLab), due to the 
high duty cycle of the electron machines. Threshold tt^- 
electroproduction on protons and deutcrons has been in- 
vestigated by the Al-coUaboration at Mainz [9] at small 
momentum transfer squared < 0.1 GeV^. 

At this low momentum transfer different nonpertur- 
bative QCD approaches, in particular Chiral Perturba- 
tion Theory (ChPT), can be applied. Phenomenologi- 
cal approaches such as effective Lagrangians models, iso- 
bar models, quark models, and hybrid models are widely 
applicable. A general theoretical study of pion electro- 
production on dcuterons was firstly developped in Ref. 
[10]. An adequate dynamical approach to pion electro- 
production has to take into account all previous the- 
oretical findings related to other electromagnetic pro- 
cesses on the deuteron, such as elastic ed scattering, 7r°- 
photoproduction j + d d + n^ [11], and deuteron pho- 
todisintegration ^ + d ^ n+p [12]. Like these processes, 
the reaction e + d ^ e + d + n^ involves the study of the 
deuteron structure and of the reaction mechanism, and 
the determination of the neutron elementary amplitudes, 
J* +n — > n-|-7r°, where 7* is a virtual photon. Note that 
the exact cancellation of rescattering effects, due to the 
processes: j* +d ^ p + p + Tr~ (n + n + tt'^) dii^ in the 
near threshold region [13], allows to extract the neutron 
amplitudes from the data about e + d ^ e-|-rf-|-7r°, in 
the frame of impulse approximation. 

Here the first experimental observation of tt''- 
electroproduction on deuterons at large values of the mo- 
mentum transfer squared and at relatively small excita- 
tion energy of the produced dTr^-system is reported. This 
kinematical region is only accessible at JLab. 

The data were collected during the t2o-experiment, 
the primary aim of which was the measurement of the 
deuteron tensor polarization in elastic ed— scattering [3] . 
We have reconstructed the dependence on the kinemat- 
ical variables which contain the physical information for 
the process e-\-d e+d+n^, taking into account the dif- 
ficulties related to limited experimental acceptance and 
to low detection efficiency. With a complete measure- 
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mcnt of the five-fold differential cross section, the com- 
parison to the theory would have been straightforward. 
Here the detection of the deuteron, due to limited resolu- 
tion and statistics, docs not allow a complete and precise 
reconstruction of the physical event. We derive from the 
experiment the Q^-dependence of the yield, which can 
be directly compared to theoretical models, such as an 
effective Lagrangian model and pQCD predictions. 

Our paper is organized as follows. In Section II we 
present kinematical and dynamical characteristics of the 
process e + d^e + d + n^. The description of the exper- 
iment is presented in Section III. Section IV is devoted 
to the discussion of the experimental results and to the 
comparison with theoretical predictions. The main re- 
sults are summarized in the Conclusion. The Appendix 
contains a detailed scheme of the experimental analysis, 
in case of uncomplete event reconstruction. 

II. THE PROCESS e + d^e + d + Tr° 
A. The kinematics 

In the framework of the one photon mechanism, the 

process e + d ^ e + X is equivalent to "/* + d ^ X , where 
X is a hadronic system, and this gives the most conve- 
nient choice of kinematical variables for the electropro- 
duction processes. The detection of the recoil deuteron 
in coincidence with the scattered electron allows a full 
reconstruction of the kinematics for 7* + d ^ d + 7r°. 

In the limit of zero electron mass, the momentum 
transfer squared from the incident to the outgoing elec- 
tron, Q^, is defined as 

where Ei, (£'2) is the energy of the incident (scattered) 
electron and 9e is the electron scattering angle (in the 
LAB-system). As defined here, Q"^ is positive in the 
space-like region. 

The energy and the angle of the scattered electron 
enable the determination of the momentum transfer 
squared, Q^, and of the invariant mass of the produced 
hadronic system, W: 

where M is the deuteron mass and the quantity v* = 
M{Ei —E2) is related to the energy transferred from the 
electron to the hadronic system X. 

Events from elastic scattering and electroproduction of 
one and two pions follow straight lines in a plane defined 
by versus i^* (Fig. 1), corresponding to a definite 
value of the invariant mass W. Fixed values of 0^ corre- 
spond also to straight lines in the Q^-v* plane. In Fig. 1 
the lines corresponding to 9e = 18.5°(±1.5°), are drawn 
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to emphasize the kinematical limits of the experimental 
set-up. 

For the analysis of the 7r° production data near thresh- 
old, instead of the invariant variable t = (pi — ^2)^ {pi 
and p2 are the four-momenta of the target and of the 
outgoing deuteron, respectively), it is preferable to use 
cos0^, where is the pion production angle in the cen- 
ter of mass system (CMS) of the final d7r°-system . 

At a given value of W, the final deuteron energy in the 
laboratory system, Ed, can be expressed as a quadratic 
function of the cosine of the deuteron scattering angle, 
cos 6d, which is drawn in Fig. 2 for different values of W. 
In this figure the threshold point for tt'^ electroproduction 
and the point for elastic ed kinematics, at a fixed value 
of incident electron energy and electron scattering angle, 
are also indicated. 

These considerations are valid for coplanar kinematics, 
where all momenta of the final particles in e -|- d — > e -|- 
d + tt'^ are in the same plane. This corresponds to two 
values of the azimuthal angle of the final deuteron, <p = 
and (f) = TT, relative to the electron scattering plane, 
defined by the directions of the three-momenta of the 
initial and final electrons ki and k2- The left-hand side 
of each ellipse in Fig. 2 (with respect to the center, i.e. 
the threshold point) corresponds to (f) = n (the deuteron 
scattering angle is smaller than the threshold value) and 
the right-hand side of the ellipses corresponds to = 
(the deuteron scattering angle is larger than the threshold 
value). 

Note, in conclusion, that the measurement of E^. allows 
the determination of cos 9^^ as a function of E4, W, and 
through the following expression: 

- 2ME, = -Q' + < - - - + - (1) 



-|-2cOS^7r1 



(^2 _ Q2 _ , ^2 



4W^2 



The knowledge of the cos 0^-dependence for the differen- 
tial cross section "f* + d ^ d + ir^ , is essential in order 
to perform a multipole analysis. 



B. The dynamics 

In the framework of the one-photon mechanism, the 
differential cross section iov e + d ^ e -\- d + -k^ , can be 
written as [14]: 

d^a 



aU) = ^ =J\f Ht + cHl + eHp cos2(l) + \/2e(l + e)Hi cos , (2) 

dE2dndn L V / J V / 

where A/" is a normalization kinematical coefficient: 

^^£2^^ I L (3) 

647r3 El MW {l-e)Q^' ^ ' 
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and e is the degree of linear polarization of the virtual 
photon: 

e-i = l + 2^tan2|, (4) 

Here fc^ = (fc^ _ k^f = E^ + E^- 2E1E2 cos 0^,, (h is the 
pion three-momentum in the CMS of the reaction 7* + 

d ^ d + tt" with = El-ml,E^= ^"^'^l-^\ 

" = 4;^ " 137- 
The terms Ha ( a = T, L, P, I), are related to the four 

standard contributions to the differential cross section 
for 7* + d — > d + 7r°, corresponding to the different po- 
larizations of the virtual photon: T, P are the transverse 
components, L is the longitudinal component and I is the 
interference between the longitudinal and the transversal 
components. The element of solid angle for the scattered 
electron (deuteron) in the LAB (CMS) system is <Kl (dO). 
Note that dfi = dcos OT^d^)-,^. 

The different contributions TLa depend on Q^, W, and 
cos Ott- The azimuthal dependence is explicit in the cosine 
terms, Eq. (2). The three kinematical quantities e, M 
and (p depend on the electron kinematics. 

A measurement of a{(j)) for 3 values of (j) (for example 
(j) = Q, 7r/2, and tt) and for two values of the parameter 
e allows a complete and unique separation of all the four 
contributions to the cross section. Note that Eq. (2) can 
be considered a generalization of the Roscnbluth formula 
for a throe-body reaction, in which only two particles are 
detected in the final state. 

In the near threshold region, in the framework of the 
S- and P-waves pion production, the four contributions 
to the differential cross section ofe + d^ e + d + Tr'^, can 
be parameterized as the functions of c;os 6-^ as follows 
(omitting, for simplicity, the dcutcroii form factors): 

T-Lt = flo + ai cos + a2 cos^ 9-^^ Tip = 69 sin^ 9-^^ 
'Wl = Co + ci cos0^ + C2 cos^ 6*^, = sin6'^(do + di cos6'^), (5) 

where the real coefficients a^, bi, Ci, and di are well de- 
fined quadratic c;onibinations of multipole amplitudes for 
7* -|- d ^ d + tt" , which are functions of only two vari- 
ables, and W . All the dynamical information about 
this process is contained in these multipole amplitudes. 
The experimental determination of the and W depen- 
dences of the multipole amplitudes would allow a direct 
comparison with the theory. In the framework of the 
S- and P-wave contributions, the five-fold cross section 
has to be measured for at least nine points (for different 
cos 07r, (/>, and e) in order to fully determine the multipole 
amplitudes (the moduli and relative phases). 

In the case of limited acceptance or of partial informa- 
tion on one or both of the final particles, one can extract 
from the experiment - and compare to theoretical predic- 
tions - only some combinations of the above mentioned 
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coefficients. For example, near threshold, the pions are 
emitted in a narrow cone around the virtual photon direc- 
tion (in the LAB system) and the experimental resolution 
may not allow a precise determination of the azimuthal 
angle, or, on the contrary, far above threshold, the detec- 
tion acceptance may not cover the full phase space. We 
detail in the Appendix, a rigorous method for the data 
analysis, in case of limited kinematical information. 

III. THE EXPERIMENT 

From Figs. 1 and 2, it appears that the kinemati- 
cal characteristics of the outgoing particles (the scattered 
electron and deuteron) in the process e + d^e + d + ir^ 
in the threshold region, are near to those of the elastic 
process e + d ^ e + d. Therefore the experimental set 
up of the t2o experiment at JLab, which had a double 
arm detection for clastic ed scattering, could be used to 
study the inelastic process of 7r°-production. The exper- 
iment was performed in Hall C. With small changes in 
the spectrometer settings, it was possible to reach near 
threshold kinematics in which 7r° events were detected. 
The typical luminosity was about 2-10^^ cm^s~^ obtained 
with a 40 /iA continuous electron beam and a 12 cm long 
liquid deuterium target. The electrons were detected in 
a large solid angle (6 msr) spectrometer (HMS) with an 
energy resolution AE/E = 10~^. The deuterons were 
focussed on the polarimeter POLDER [15] through a 
magnetic transport line located at a fixed angle, 6^, of 
60.5°. For the initial electron energy. Eg =4.05 GeV, the 
scattered electrons were detected at an angle 9e = 18.5° 
corresponding to a range of four momentum squared 
1.1< <1.8 GeV^. The coincidence between electrons 
and deuterons reduced the high background. A more de- 
tailed description of the experimental set up can be found 
in [3,16]. 

The deuterons were identified in the two-dimensional 
spectrum corresponding to time of flight versus the ADC 
signal related to the energy loss in the POLDER start 
detectors. The deuterons were selected by the contour 
shown in Fig. 3 (contour I, labelled 'signal'). An estima- 
tion of the background, done by displacing the contour 
(contour II, labelled 'background'), is about 20%. The 
largest part of the background, corresponding to protons 
coming from deuteron break up does not appear on the 
figure, as it corresponds to a different region of the time 
of flight spectrum. 

The spectrum of the invariant mass W is shown in Fig. 
4 for different selection criteria of events. Above the pion 
threshold, Wth = M + significant number of events 

were observed. The transition between the elastic and 
the pion production regions is illustrated in Figs. 5 and 
6. The number of counts is plotted as a two-dimensional 
function of Q"^ and W, for the e + d ^ e + X reaction, for 
spectrometer settings corresponding to elastic kinematics 
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(Fig. 5) and to pion kinematics (Fig. 6), where a tail 
from elastic scattering is still visible. The experimental 

resolutions are = 0.3% and = 0.7%. 

W 

In this measurement, in four hours beam on target, 
25815 pion events were counted in contour I, 330 of which 
correspond to the near threshold region in an invariant 
mass range AW = W — Wih='i*^ MeV. This total num- 
ber is comparable to the number of events for elastic 
erf-scattering in similar experimental conditions. 

IV. THE RESULTS 

The deuteron magnetic channel has large angular ac- 
ceptance and low momentum resolution. The deuteron 
momentum and scattering angle could not be recon- 
structed with precision. For this reason the information 
presented here concerns the kinematical variables calcu- 
lated from the electron channel. We focus here on the 
Q^-dependence of the differential cross section of the pro- 
cess e + d^e + d + TT^, for which theoretical predictions 
are available. 

In Fig. 7 we show the Monte Carlo expectation [17] 
for the and the VF-distributions, calculated for a uni- 
form input distribution (solid line) and for a distribution 
weighted by the kinematical factor A/" (Eq. 3). The fig- 
ure shows the range of detection, where the acceptance 
of the apparatus is reasonably flat: 1.3 <Q^< 1.6 GeV^ 
and W from threshold up to 2.3 GeV. 

In order to extract the Q^-distribution, quite conserva- 
tive cuts were applied in order to select events well inside 
the acceptance of the deuteron channel. We assumed that 
the efficiency is constant in this central region. This is 
reasonably supported by the Monte Carlo simulations. 

Systematic errors due to event selection were estimated 
with the help of a parallel analysis, where the selection 
of events was done by a window in the time of flight and 
electron momentum bi-dimensional plot. Background 
subtraction was done by displacing a window in the time 
of flight spectrum. The final distributions were consistent 
within the error bars. 

In Fig. 8 the Q^-dependence of the counting rates 
integrated over the experimental acceptance, is given for 
different region of W, in bins of 40 MeV, from threshold 
to the A-excitation region. The data are corrected by 
the kinematical factor J\f (see Eq. 3) in order to make an 
easier comparison with the theoretical predictions. We 
did not attempt to apply an absolute normalization of the 
data due to a too large uncertainty on the reconstruction 
of the deuteron kinematics, although the d-K^ events were 
unambiguosly identified. 

Moreover the radiative corrections are necessary to ex- 
tract absolute values of the cross section. For the consid- 
ered process, at relatively large momentum transfer, ra- 
diative corrections are, in principle, far from being negli- 
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gible. Their calculation is complicated from a theoretical 
point of view, and at our knowledge, no calculation exists 
for pion coherent electroproduction on the deuteron. Fur- 
thermore, the acceptance has to be taken precisely into 
account. But, if we consider relative yields, this problem 
can be neglected, mainly due to the logarithmic, i.e. weak 
dependence of radiative correctionson and relatively 
small Q^-interval in the present experiment. 

The four spectra present a similar steep decreasing be- 
havior ^. In general the acceptance in one variable is a 
complicated function of other variables and it is usually 
estimated through sophisticated simulations. But if the 
0-acceptance is small or constant, or in the case of full 2tt 
(/>-acceptance, a rigorous treatment of the data is possi- 
ble, even without full information on the azimuthal angle 
(see Appendix) . The relative Q^-dependence of the yields 
can be compared with theoretical calculations, such as 
impulse approximation or pQCD scaling laws [18] . 

Predictions available from a classical (mesonic) model 
on coherent pion electroproducion [10], where the reac- 
tion mechanism is described within the impulse approxi- 
mation (the deuteron is described by the Paris wave func- 
tion), and the 7* -|- iV ^ -|- 7r-interaction is treated in 
the framework of an effective Lagrangian model [10] , are 
shown in Fig. 8. The solid and dashed lines correspond 
respectively to </)-integration over 27r and to the limit for 
small A(f), which is closer to the experimental conditions. 
For 27r-acceptance only Ht and Hl contribute to the 
cross section, whereas, in the case of small (/)-acceptance, 
all contributions to the exclusive cross section are present 
(see Appendix). 

The theoretical curves are normalized to the highest 
experimental point, for the smallest value of Q^. After 
normalization, the results are not very sensitive to the 
opening of the azimuthal angle. Such behavior can be in- 
terpreted as an indication of a weak (/)-dependence of the 
d{e.e' 'K^)d cross section. Another possibility is that the 
different contributions induce a similar Q^-dependence 
of the cross section, integrated in this kinematical re- 
gion. The theoretical model [10] predicts indeed a large 
(/)-dependence in the A-region. 

Following the quark counting rule of pQCD, [1], 
the asymptotic behaviour of the electromagnetic (elas- 
tic and inelastic) form factors of hadrons follows a 
(l/(3^)*^"^+"^-'/^~^ dependence, where ni(n2) is the rmm- 
ber of quarks in the initial (final) state. For pion elec- 
troproduction on the deuteron (at relatively large mo- 
mentum transfer and small excitation energies, where the 
electroproduction process is determined by the inelastic 
electromagnetic current, ')*+d — *■ d+ir^, with m = 6 and 
n2 = 6 -h 2 = 8) we expect a value of ni+n2 = 14, which 



^The deviation from a monotonia decreasing for > 1.6 
GeV^ may reflect a limitation in the acceptance (see Fig. 7). 
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corresponds to a steeper decrease of the cross section, 
compared to elastic ed— scattering, where ni + 7x2 = 12. 

The Q^-behavior for coherent inelastic deuteron cross 
section is illustrated in Fig. 8, where we show the results 
of the parametrization: 



for = 14 (dotted line), and for to^=1.41 GeV^, accord- 
ing to [1]. 

The results from these two approaches are consistent 
with the present data. As for elastic erf-scattering [2] , the 
measurement of the cross section alone does not allow us 
to disentangle predictions given from different models of 
the deuteron structure. 



Coherent 7r° electroproduction on the deuteron, e -|- 
rf — > e + d + TT^, at relatively large momentum transfer, 
has been detected for the first time. The specific condi- 
tions of this experiment covered coherent 7r°-production 
in the near threshold region and in the region of excita- 
tion of the A-rcsonance. A steep decrease with of the 
counting rate has been observed at different values of W. 

The present results show that it is possible to foresee 
a research programme based on the experimental study 
of coherent pion electroproduction on the deuteron at 
relatively large momentum transfer, at threshold and in 
the A-region, to access: 

• the relative contributions of S- and P-waves for 
different values of Q^, 

• the Q^-scaling behavior of S- and P-waves excita- 
tion for 7* + d ^ d + 7T°, 

• the specific mass parameter, m^, which enters in 
the dependence of the different contributions 

to the differential cross section to be compared to 
meson and nucleon form factors values, and 

• the A-isobar excitation on the deuteron, 7* -|- d ^ 



We have established the feasibility of such an exper- 
imental study, since counting rates are similar to elas- 
tic scattering. More complete results could be obtained 
at the Jefferson Laboratory in a dedicated experiment, 
which would stimulate parallel efforts from the theoreti- 
cal side in developing specific calculations adapted to this 
newly accessible region. In particular, in addition to dif- 
ferential cross section, measurements of the vector and 
tensor polarization of the outgoing deuteron are possible 
in this energy domain [19]. 



<7d7ro(Q^) = 





V. CONCLUSIONS 



A + N ^d + Tr°. 
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Finally, we would like to recall that after several 
decades of experimental and theoretical studies of ed elas- 
tic scattering, the situation with the deuteron models 
(choices of nuclcon form factors, deuteron wave func- 
tions, corrections to impulse approximation...) is not 
yet disentangled. In this respect a detailed study of 
e + d^e + d + TT^ will bring new important pieces of 
information. 
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VII. APPENDIX 



We present here a possible scheme for the analysis of 

e~ + d ^ e~ + d + TT^ data, taking into account the case 
of partial information of the detected particles. 

For the estimation of the acceptance it is necessary 
to know the relative angle between the 3-momentum of 
the virtual photon, /c^, and the momentum of the scat- 
tered deuteron. This angle depends on the variable W 
and can be calculated using the following expression for 
the production angle of the virtual photon, 0^, relative 
to the electron scattering angle: 

COSB-y = ; . 



Limited i/i acceptance 

If we approximate the 0— acceptance for the emitted 
deuteron as: 

-^<^<^, 
2 2 ' 

then, for <C 1, all possible contributions in Eq. (2), 
namely 1, cos2(/) and cose/), will give the same results: 

I-A<^/2 ^^d^ = sin ~ A(p, 

So we can write the (/(-integrated cross section as follows: 
74 

— ^ = A(j)M(j{Q'^,W,cose^,E^), 

dE2dQ.d cos 9-,^ 

with the following dependence for cos^tt^ 
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a{Q^, W, cos6„, El) = Ao + Ai cos6-^ + A2 cos^ 6.^ + ^3 sinO-^ + A4, sind^ cosd-^, 

(7) 

where the five coefficients Aj are definite Hnear combina- 
tions of the coefficients (5): 

^0= ao + e(co + 60), 

Ai = ai + eci, 

A2= a2 + e{c2-ba), (8) 



^3= ^/2e{l + e)do, 
Ai= v/2e(l + e)rfi. 

The iJi-dependence of all these coefficients Ai is con- 
tained only in the parameter e. 

It we can measure the cross section — at 

dE2dfld cos 0^ 

five different values of 6.,^, we will determine all the five 
coefficients Ai{Q'^, W, cos^,r, Ei), which can be compared 
to theoretical predictions. 

Full 2n acceptance 



In this case only the L and T components of the cross 
section contribute to the integral of (2) in the interval 
< < 27r: 

j4_ 

^ = 27rMa{Q^, W, cos 9„, Ei), 



dE2dnd cos 
with the following dependence for cosOtt- 

cr{Q'^, W, cos e,,,Ei) ^ Aq + Ai cos 6^ + A2 cos^ 9^ (9) 

and the three coefficients Ai are definite linear combina- 
tions of the coefficients (5): 

Ao= ao + eco, 

Ai=ai + eci, (10) 
A2= a2 + ec2. 

The Rosenbluth fit in e is very useful for the separation 
of the different contributions to the coefficients Aq — A2. 

A. cos 0,r-integration 

This integration has to be done, if the deuteron energy 
(in the LAB-system) is not properly measured. 

The representation (5) is well adapted to cos^jr- 
integration over the energy acceptance of the deuteron 
channel. We can use the one-to-one correspondance 
between the deuteron energy E^ (in LAB-system) and 
cos^TT. From Eq. (2) we find: 

- To - Ed 
cosO^ = — , 
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where Tq and Ti are: 



W -Q -m^ + 



i.e. the energies Tq and Ti are functions of and W 
only. 

The final result can be written as: 
where 

a(g^ W, El) = Aolo + Aih + A2I2 + A3I3 + A^h. 

The coefficients Iq — I4 arc the integrals over the accep- 
tance of the deuteron channel: 

Jo= / dcose^ = ^ [ dEd, 

h= ( cos 9^d cos 9^ = --^ [ {Tq - Ea)dEd, 

h= / cos^Mcos^ = --3 / ' {To-EdfdEa, 

^A -tl JEa^^in 



/3= y sm 9-^d cos = -— J dEddl-- ^ 



1 



14= I sm.9^coa9T,dcoa9T, = / dEd.{To - Ti)^l 1 



-Ed 
Bd 



energies of the deuteron (in the LAB-system) . The coef- 
ficients I0 — I4 are functions of and W, for each initial 
energy of the electron beam, Ei. 

The calculation of the coefficients Aq — A4, in the 
framework of a definite model for 7* -|- — » d + w^, 
together with numerical values for Jq — I4, allows a 
straightforward comparison of the measured cross section 

d^a 

,^0 iTTT with theoretical predictions. 
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FIG. 1. Kinematical lines of ed— interaction, in the ver- 
sus V* plane, calculated for a beam energy _Ei=4.05 GeV. 
The elastic line (solid line) and the threshold lines for one 
pion (dashed line) and two pion production (dotted line) are 
indicated. The angular range covered by the kinematics of 
the electron is also indicated (dashed-dotted lines). 
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FIG. 2. The deuteron momentum as a function of the 
deuteron scattering angle, in coplanar kinematics, for different 
values of AW, the excess of invariant rfTr-mass over the pion 
production threshold. The initial electron energy is Ei =4.05 
GeV and 6»e = 18.5°. 
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FIG. 3. Two-dimensional plot of the events in the ADC 
versus time of flight plane. The contours are used to select 
the deuterons from e + d — > e + d + events (contour I, 
labelled 'signal') and to estimate the background (contour 11, 
labelled 'background'). The events at ADC values around 
3000 correspond to random electron-protons coincidences. 
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FIG. 4. Experimental distribution of the invariant mass, 
W, corresponding to events in the range of time of flight 
1280-1440 (full line) and to events selected, according to Fig. 
3, by contour I (dashed line) or by contour II (dotted line). 
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FIG. 5. Two-dimensional plot of the number of counts as 
a function of momentum transfer squared, , and invariant 
mass of the hadronic system, W, for the e+d e+X reaction, 
in the near elastic kinematics. The beam energy is 4.05 GeV 
and the ^e= 20.3°. Events corresponding to the elastic peak 
are centered around W = M. 
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FIG. 6. Two-dimensional plot of the number of counts as 
a function of momentum transfer, , and invariant mass of 
the hadronic system, W, for the e + d ^ e + X reaction, in 
the pion kinematics. The beam energy is 4.05 GeV and 0e= 
18.5°. Events corresponding to pion production are visible for 
W > M + m^. 
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FIG. 7. Q^-distribution (a) and W^-distribution (b), follow- 
ing a Monte Carlo simulation. The full line corresponds to an 
uniform input cross section and the dashed line corresponds 
to an input distribution corrected by the kinematical factor 
U (Eq. 3). 
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FIG. 8. Q^-dcpcndcncc of the counting rates, corrected by 
the kinematical factor J\f, see Eq. (3), for different bins of the 
invariant mass excess AVK = W - Wth- < AW < 40 MeV 
(a); 40 MeV < AW < 80 MeV (b); 80 MeV < AW < 120 
MeV (c); 120 MeV < AW < 160 MeV (d). The sohd hne and 
dashed lines correspond to different ranges of (/)-integration, 
from [10]. Tlic dotted line is the pQCD prediction, with N=14 
andm^=1.41 GcV^ sec Eq. (6). All curves are normalized to 
data at Q^=1.3 GeV^ 
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